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Green shale of the Stockade Beaver Member of the Sundance Formation caps the Spearfish west of S.D. highway 71.

The other “pipe”, about 150 feet to the west as noted by Hayes (1999), is characterized by a gypsum
bed that is downwarped a few feet, and beds above and below are not affected.

The many veinlets represent a zone where much gypsum has been removed by solution and/or have
been intruded into the surrounding rock from the parent bed by processes not fully understood. Broken
beds of gypsum several feet thick merge laterally into gypsum-red bed breccia (fig. 15C) and veinlets. The
impression is that the original bedded gypsum at this locality has been modified by solution removal, injec-
tion into veins, contortion by expansion, and brecciation. It is possible that much of the original mass of
gypsum has been removed. Also, anhydrite, which may have been the original form of calcium sulfate,
when converted to gypsum, may have expanded considerably to create the force for vein injection and bed
crumpling. However, several beds at the northernmost end of the exposure along SD 71 were X-rayed and
no anhydrite was found in veins or beds, only gypsum (John Johnson, USGS, pers. comm.).

B. Fractures (“pull apart”) in the Minnekahta Limestone

Walk several hundred feet to the west along the highway and pass through an open gate before the park-
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as 10 feet wide and have various orientations, including N. 35° E,E.-W_,N. 5°E.,and N. 70° E., following
prominent joint directions. There are three possible origins that might be considered for these structures:
(1) subsidence due to solution of gypsum below, (2) gravity sliding on the soft sediments of the Opeche
Shale, and (3) a combination of sliding and weakening of material below by solution. An initial impression
is that these fractures are caused by tension due to downhill sliding. An interesting comparison with similar
fractures in the Moenkopi Formation related to dissolution of salt at depth in the Holbrook basin (Epstein
and Johnson, 2003) will be made. There are many small-scale structures, folds and faults, such as those
described at 1 eage 4.5, that have been attributed to gravity sliding, believed to have occurred after erosion
had exposed the surface of the Minnekahta (Epstein, 1958; Brobst and Epstein, 1963).




















USGS Fact Sheet 046-02: The Black Hills Hydrology Study Page 17 of 22

percent recharges the Madison and Minnelusa aquifers.
Springflow was estimated as 219 ft¥/s, of which 94 percent
originates from the Madison and Minnelusa aquifers. Well
withdrawals were estimated as 40 ft3/s, of which 70 percent
is withdrawn from the Madison and Minnelusa aquifers.
Ground-water outflow from the study area was estimated as
89 ft3/s, of which 65 percent occurs in the Madison and
Minnelusa aquifers. Artesian springflow is the single largest
discharge component for the Madison and Minnelusa
aquifers, and accounts for 38 percent of the total discharge
from these aquifers.

Large outcrops of the Madison Limestone and MinnelL
‘ormation occur in the Black Hills of Wyoming and were
ncluded in estimating recharge to the Madison and
Ainnelusa aquifers. Recharge to these aquifers for water
rears 1931-98 in South Dakota and Wyoming averaged
ibout 344 ft3/s. Annual recharge rates were highly variab
fig. 7) and ranged from about 62 ft3/s in 1936 to about ¢ ..
t3/s in 1995.

http://pubs.usgs.gov/fs/fs04602/ 7/14/2007
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Dakota Sandstone (his name for the main
aquifer) underlay most of the state, and
giving the approximate depth required for
wells to reach this aquifer.

" The main aquifers of the Black Hills are
the sandstones of the Inyan Kara Group
(which include the Fall River and Lakota
Formations), Minnelusa Formation,
Deadwood Formation, and the cavernous

rocks of the Pahasapa (Madison) Limestone.

Figure 3.1 shows a general cross section
across the Black Hills and how these aquifer
units crop out at higher elevations where
they are recharged by rainfall and surface
waters. The higher elevations where water
enters the aquifers provide a gravity or
hydrostatic head which causes the ground
water to move to lower elevations, provided
that the aquifer unit is overlain by an
aquaciude, or an impermeable rock unit.
The movement of water is very slow in
sandstones (as little as a few feet per year),
but in cavernous carbonate rocks or breccia
zones in other rocks, it can travel much
faster. For example, wells in the Pahasapa
Limestone may have yields of several
hundred gallons per minute, in contrast to
wells in sandstone that typically yield tens of
gallons of water per minute.

From Figure 3.1, it is obvious that water
wells drilled outside of the Cretaceous
Hogback reach the various aquifer units at
different depths, with the shallowest being
the Lakota-Fall River sandstones of the
Inyan Kara Group. All of the aquifer units
exposed in the Black Hills, however, do not
extend as a blanket across the state. The
Pahasapa and Deadwood Formations, for
example, pinch out due to unconformities on
the south side of the dome and also farther
to the east.

Although you would assume that the
water should go down the outcrop slope of
the aquifer, this is not always true in smalil
areas. For example, where Boxelder Creek
disappears in sinkholes in the Pahasapa
Limestone (the Madison aquifer) northwest
of Rapid City, dye added to the water was
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recovered in wells drilled {nto this formation
in Rapid Citv in the Ranid Craalk Arainana

it is possible to tell the source of ground
water from its chemistry and also its
temperature. For example, “cold” water in
the municipal wells at Edgemont is too hot
to comfortably shower in during the hot
summer months, and the water contains
very small amounts of trace elements such
as Li and Cs. The latter elements are not
harmful, but their source is from the
Precambrian rocks which lie at greater
depths than the Minnelusa Formation. which
is the aquifer tapped by Edgemont wells.
Obviously, some water has moved upward
from the “basement” rocks. Precambrian
schists and granite are not good primary
aquifers where they are unweathered, but
deep weathering and fracturing of these
rocks occurred before the younger
Deadwood Formation was deposited across
the weathered zone.

The Deadwood thins and, in fact, is
generally absent (as are lower Paleozoic
rocks in the Edgemont/Hot Springs area),
which permits some water from the
Precambrian weathered zone and along
fractures to move upward into the
Minnelusa and Pahasapa. This “deeper’
water is also warmer, so one can
understand how the town of Hot Springs got

its name.
art
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durina tha tiraninim mininn in the 1950s, U.S.
oted many
stiope of the

oz e e e rewuygized that
tmere due to solution of deeper,
buried soluble Tocks” s (fargely gypsum). The
breccia pipes permitted the transfer of water
from deeper aquifers to shallow aquifers
when erosion produced topography similar
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to the present. Th!S upward transfer of
water occurs at Cascade Springs, a féw
miles south of Hot Springs, where jarge
spnngs emerge in the Opeche Formation.
However ‘the chemistry of the water and

i LSS S NAPL HEY PR 1 “9-F 3 SN wigter !s

T
he
Many
ly
resulted from solution of thick gypsum beds
in the Minnelusa, while others likely may
result from solution of carbonate rocks such
as the Pahasapa Limestone.

Ground water in the fresh Precambrian
rocks is largely stored in alluvium below the
drainages where it also enters cracks,
fractures, and fault zones in the
Precambrian rocks. in the southern Black
Hills, low-dipping sills of granite or
pegmatite commonly act as aquacludes and
trap water below the sills. Wells are
generally shallow and have limited yields of
only a few gallons per minute.

This brief summary of the hydrology
clearly indicates that the source area for
much of the ground water recovered in wells
around the Black Hills and throughout much
of the state is the surface water of the Black
Hills. Thus, it is absolutely imperative not to
contaminate that water source! This
relationship is generally recognized and has
.ed to much stricter requirements for septic
systems throughout the Black Hiils as the
population increases and more homes are
cuilt within the area.

7.0 PRECAMBRIAN ROCKS
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z-gely of complexly tolded and refoidea
**'a'ﬂorphlc rocks derived from
sz2:mentary rocks, pillow basalts,

> caniclastic rocks, tuff, and metagabbro
: g ana dikes. These core rocks range in
222 “rcm >2.5 Ga to about 1.86 Ga
zzzen et al., 1990). Granitic intrusions

2]

are about 2.6 and 1.71 Ga in age. Hence,
both Archean and Proterozoic rocks are
present. The younger Proterozoic Harney
Peak Granite is described in detail in a
following section and more extensively in
Redden and DeWitt (2008).

Metamorphism

The Precambrian rocks have
experienced two separate episodes of
metamorphism. The first, a regional
metamorphic event, affected all of the rocks
older than the Harney Peak Granite (~1.7
Ga). It produced a general north-northwest-
trending foliation (cleavage or schistosity)
which can be seen in slate, phytllite, and
schist in much of the central and northern
Black Hills. Where the Harney Peak
Granite was later intruded in the southern
Black Hiils, however, another dominantly
thermal metamorphism was superimposed
on the earlier metamorphosed rocks. These
rocks were distended by emplacement of
the granite, and locally a younger schistosity
developed which is more or less peripheral
to the main granite mass. New garnet,
staurolite, andalusite, and sillimanite
isograds have been mapped on the general
northerly side of the granite, but are
concealed by the Phanerozoic rocks
elsewhere.

Archean Rocks

Two small areas of Archean rocks
which are partly covered by younger
Phanerozoic rocks are located north of
Nemo along Little Elk Creek and in the Bear
Mountain area about 10 miles west of
Harney Peak (Figure 4.1).
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The small area of Little .«
consists of somewhat gneissic augen
granite dated at ~2.55 Ga (Gosselin et al.,
1988). However, geophysical data indicate
the Little Elk Granite underlies a roughly
circular area east of Nemo which is about 7
miles across and extends as far east as the






1320 E. Lake Bluff Blvd.
Shorewood, W1 53211

January 9, 2013

Cindy Bladey, Chief

Rules, Announcements, and Directives Branch (RADB)
Office of Administration

Mail Stop: TWB-05- BOIM

U.S. Nuclear Regulatory Commission

Washington, DC 20555- 0001

Dear Ms. Bladey:

Speaking as a frequent visitor and occasional part-time resident of the southern Black Hills, I
have several concemns and questions about impact of the proposed Dewey-Burdock project on
local and regional water supplies. . )

1. The use of Class V wells is obviously an attempt to evade state laws prohibiting Class [
disposal wells. I have discussed this with NRC and EPA officials, and it is clear that the only
reason these disposal wells are classified as Class V is because Class I wells are not allowed
under South Dakota law. If the people of South Dakota want to allow Class 1 wells, they can
change the law; otherwise, Powertech should be required to obey both the letter and the spmt of
the law, rather than circumventing it by changing terminology.

2. The EPA’s only regulatory involvement here is to model and monitor the quality of water
placed in the disposal wells. They do not model or monitor depletion of aquifers, apart from
requiring that some water be removed from the upper (Inyan Kara) aquifer to keep the pressure
gradient low enough to prevent migration of contaminated water beyond the proposed
containment zone.

It is up to the state to ensure that the aquifers are not irreparably depleted. The SEIS says the
aquifers will recharge “over time” or “with time.” It is not at all clear to what extent the aquifers
will be depleted and how long it will take to recharge them. What is the basis for the statement
that the aquifers will be recharged ever, much less “with time”? What time span does the model
suggest? What happens when annual precipitation is less than 10 inches for several years in a
row? The SIES asserts that the aquifers are sealed off from one another by layers of impermeable
shale. That being the case, how does water ever make its way back into the aquifer? It doesn’t.

Water that would otherwise be available for domestic and livestock use will be removed from the
lower (Madison) aquifer and pumped into the Inyan Kara aquifer, thereby partially depleting the
Madison in an attempt to bring the contaminated post-project Inyan Kara aquifer up to some
water quality standard. The more contaminated the Inyan Kara, the more water must be removed





from the Madison. If the assertion that these are sealed aquifers is correct, then natural recharge
of the Madison is not possible.

3. Class V wells are not allowed to contain hazardous material. It is not clear to me how the
liquid waste will rendered sufficiently free of uranium, radium, selenium, and arsenic to be
deemed not hazardous. If the EPA issues permits for Class V disposal wells, that agency is .
thereby asserting that the “liquid waste” is free of uranium, radium, selenium, and arsenic
(among other toxins). That being the case, it is not clear to me why this purportedly unpolluted
water must be placed in a disposal well. One nerson told me the only reason for “liquid waste”

d _ rsalis to keep the pressure gradient s iently low to prevent the water 'm moving
outside the impact zone. Another told me that this “liquid waste” from uranium ISU would
normally be classified as hazardous waste. The reason that term isn’t used in this instance is
because Class V wells are not permitted for disposal of hazardous waste. (Are you starting to see
a pattern here?) Is it “liquid waste” or water? If it is water, then why does it matter if some leaks
outside the impact zone? If is it clean, usable water, why not pump it back into the Madison
aquifer? And if it is water, then ask Powertech and NRC officials if they would drink that water
every day for the next 15 years.

4. If the water in these aquifers is drawn down to a level that cannot recharge themselves in a
reasonable amount of time, or ever, what is the remedy? The SEIS says Powertech will provide
landowners with new wells or water supplies. What water source will those wells tap? Will
Powertech truck in water for domestic use and livestock? For how many years? If/when
Powertech declares bankruptcy and leaves, who will pay for a remedy?

5. If Powertech and regulators opt for surface disposal of the “liquid waste,” then the EPA has no
role in regulating the quality of that water. The state would be responsible for monitoring the
effects of spraying the liquid waste directly onto the ground surface. What will prevent arsenic
and radioactive materials from running off into alluvial and shallow groundwater? What is the
remedy offered if the “liquid waste” is actually “liquid waste” and not unpolluted water? Is the
state indemnified against the costs of such remedy? How?

6. The hazardous waste renamed “liquid waste” so that it can be disposed of in Class V wells
will be injected both above and below the Madison aquifer. With a major geologic fault only a
mile distant from the project impact zone and the law of gravity not yet repealed, it would appear
that this project can easily render both the Inyan Kara and the Madison aquifers unusable. Is that
worth 84 jobs?

Thank you for your attention to this matter. Water is life. Water is life. Water is life.
Linea Sundstrom

Linea.sundstrom@gmail.c~~
(414) 963-0288

cc: Representative Charles Hoffman, Chair, SD House Agriculture and Natural Resources
Committee; Senator Shantel Krebs, Chair, SD Senate Agriculture and Natural Resources
Committee
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